Increased urinary albumin excretion (UAE) has been shown to be associated with increased cardiovascular mortality in patients with type 2 diabetes. This study evaluated whether the association between UAE and cardiovascular mortality in 880 patients with type 2 diabetes was related to an increase in left ventricular mass (LVM). LVM was estimated by electrocardiographic index, namely adjusted Cornell voltage. LVM was significantly different between the stages of albuminuria (8.17 ؎ 0.12 in normoalbuminuric, 9.05 ؎ 0.21 in microalbuminuric, and 10.30 ؎ 0.30 in overt albuminuric patients; P < 0.001). There also was a positive correlation between log UAE and LVM independent of BP. During 5 yr of follow-up, survivors had significantly lower LVM (8.62 ؎ 0.11 versus 9.88 ؎ 0.45; P ‫؍‬ 0.0140) and lower UAE (154.60 ؎ 16.53 versus 446.62 ؎ 114.11; P ‫؍‬ 0.0003) than nonsurvivors. The results indicate that patients with type 2 diabetes and increased UAE should be evaluated for increased LVM as an important and potentially reversible cardiovascular risk factor.
C ardiovascular complications are known to account for approximately 75% of mortality in patients with type 2 diabetes (1). Furthermore, cardiovascular mortality in type 2 diabetes is progressively higher as urinary albumin excretion (UAE) increases from normoalbuminuria (Ͻ20 g/min) to microalbuminuria (20 to 200 g/min) to overt diabetic nephropathy (Ͼ200 g/min) (2) . Although increased UAE has been proposed to be an indicator of diffuse vascular disease in type 2 diabetes (3), the exact pathway for the associated increased cardiovascular mortality is not clear.
An increase in left ventricular mass (LVM) is known to be a risk factor for cardiovascular mortality, but the relationship among mortality and increased UAE and LVM in a large group of patients with type 2 diabetes is in need of investigation. In this study, we used adjusted Cornell voltage criteria by electrocardiography to evaluate the relationship among UAE, LVM, and mortality in 880 patients with type 2 diabetes and a mean body mass index (BMI) of 32 kg/m 2 .
Materials and Methods
A total of 880 patients with type 2 diabetes from the Appropriate Blood Pressure Control in Diabetes (ABCD) trial population were included in our study. The design of the ABCD trial has been described previously, and the results have been reported (4 -7). Type 2 diabetes was diagnosed according to the criteria based on the World Health Organization report of 1985 (8), which followed the National Diabetes Group criteria of 1979 (9) .
Three BP measurements were taken at 2-min intervals in the sitting position by trained nurses who used a standard mercury sphygmomanometer. UAE was measured for individual patients on three separate occasions and consisted of one 24-h urine collection and two overnight collections. The median value then was used to determine the UAE stage: Normoalbuminuria (Ͻ20 g/min), microalbuminuria (20 to 200 g/min), or overt albuminuria (Ͼ200 g/min).
For calculation of creatinine clearance values, patients' weight, urine, and serum creatinine were measured in the same time. The following formula was used to calculate creatinine clearance: Creatinine clearance ϭ 4.014 (creatinine concentration ϫ urine volume)/(serum creatinine concentration ϫ collection duration ϫ height 0.725 ϫ weight 0.425).
Standard 12-lead electrocardiograms (ECG) were obtained at baseline, and LVM was estimated by the Cornell voltage (sum of the R wave voltage in lead aVL and the S wave voltage in lead V3), adjusted for age, gender, and BMI as follows (7, 10) 
Statistical Analyses
Data were analyzed using SAS 9.1 (SAS Institute, Cary, NC). Numerical data are presented as means and SE or geometric mean and confidence interval. P Ͻ 0.05 was considered as statistically significant. A log transformation was applied to UAE because of a skewed distribution. Wilcoxon rank sum and Kruskal-Wallis tests were used for tests of differences between means. Pearson correlation coefficients were used to test the relationship between adjusted Cornell voltage and other variables. Logistic regression was performed to evaluate the role of adjusted Cornell voltage and UAE on cardiovascular deaths.
Results and Discussion
In our study, the characteristics of the 880 patients with type 2 diabetes reflect those that generally are observed in urbandwelling patients in the United States (Table 1) . They averaged 59 yr of age and were obese with suboptimal control of blood glucose, lipids, or BP according to current recommendations for patients with type 2 diabetes. The mean UAE was at the early microalbuminuric stage, and renal function, as assessed by creatinine clearance, was reasonably well preserved at 85 ml/min. The study evaluated the relationship between UAE and LVM by adjusted Cornell voltage with all-cause mortality and cardiac deaths in the patients with type 2 diabetes. As shown in Figure 1 , the adjusted Cornell voltage, as an index of LVM, was found to be significantly different between the stages of albuminuria (8.17 Ϯ 0.12 in normoalbuminuric, 9.05 Ϯ 0.21 in microalbuminuric, and 10.30 Ϯ 0.30 in overt albuminuric patients; P Ͻ 0.0001).
There was a positive correlation between log UAE and adjusted Cornell voltage (r ϭ 0.27, P Ͻ 0.0001). This relationship remained significant after adjustment for systolic and diastolic BP (P Ͻ 0.0001). These results support the findings in a Japanese study in patients with type 2 diabetes in which LVM also was found to increase in proportion to the progression of diabetic nephropathy (11) . Other publications also have demonstrated a relationship between microalbuminuria and left ventricular hypertrophy (LVH) in patients with type 2 diabetes (12). In the Losartan Intervention For Endpoint Reduction in Hypertension (LIFE) study, reduced urine albumin/creatinine ratio as well as regression of LVH was associated with a lower incidence of cardiovascular events in hypertensive patients without diabetes (13, 14) .
In our 5-yr prospective study, the relationship among UAE, LVM, and mortality was examined in 880 patients with type 2 diabetes. An increase in LVM has been shown to be a major cardiovascular risk factor. Specifically, systolic and diastolic dysfunction, cardiac arrhythmias, ischemic heart disease, and sudden death are known to be associated with increased LVM. A diminished capillary-to-cardiac myocyte ratio is a feature of increased LVM and thus predisposes to these cardiovascular complications (15) . There also is an increase in cardiovascular mortality as UAE increases in type 2 diabetes from normoalbuminuria to microalbuminuria to overt albuminuria (16, 17) . The mechanism for this relationship, however, is not known. It has been hypothesized that the microvascular injury and increased permeability in the glomerulus, which lead to increased UAE, also are occurring in the vasculature of the heart (18). The increase in LVM therefore may be a compensatory response to areas of cardiac ischemia. In this regard, patients with diabetes can have a cardiomyopathy and increased LVM independent of hypertension and large vessel coronary artery atherosclerosis. Increased LVM and UAE therefore could have a common pathogenesis, thus providing an important link among albuminuria, LVM, and increased mortality. Our study investigated this possibility.
Previous studies have used both echocardiography and electrocardiography to assess LVM (19, 20) . It has been shown in individuals without diabetes that LVH, as assessed by either technique, is associated with increased mortality (21) . Approximately 50% of the patients with diabetes in our study did not have readable echocardiograms because of obesity. ECG with adjusted Cornell voltage therefore was used to assess LVM, because it has been recommended for obese patients (10) . The prognostic value of electrocardiographic criteria to measure LVM has been shown in recent studies (22, 23) . Another study also demonstrated in healthy subjects that 12-lead ECG with Cornell voltage is strongly correlated with measured LVM by magnetic resonance imaging (24) .
Most important, our study examined whether this relationship between increased UAE and increased LVM was associated with increased all-cause mortality and cardiac death. During 5 yr of follow-up, 66 deaths occurred in the study population. The 814 survivors had significantly lower LVM (8.62 Ϯ 0.11 versus 9.88 Ϯ 0.45; P ϭ 0.0140; Figure 2 ) and lower UAE (154.60 Ϯ 16.53 versus 446.62 Ϯ 114.11; P ϭ 0.0003) in comparison with the 66 who died during study period. Of the 66 deaths, 35 were documented to be cardiovascular related. With logistic regression analysis, both UAE (odds ratio 1.252; P ϭ 0.0087) and adjusted Cornell voltage (odds ratio 1.141; P ϭ 0.0094) increased the risk for a fatal cardiac event independent of the specific antihypertensive agent used. In our study, adjusted Cornell voltage also correlated positively with systolic (r ϭ 0.24, P Ͻ 0.0001) and diastolic (r ϭ 0.28, P Ͻ 0.0001) BP and serum creatinine level (r ϭ 0.23, P Ͻ 0.0001). In this regard, 24-h ambulatory systolic and diastolic BP in patients with type 2 diabetes has been found to correlate with LVM (25) , and treatment of hypertension has been shown to reduce LVM and concentric left ventricular remodeling in patients without diabetes (26) . Increased LVM also has been found to be frequent in normoalbuminuric patients who have type 2 diabetes and are not receiving antihypertensive treatment (27) . Moreover, in another study, patients with type 2 diabetes were found to have increased concentric LVM independent of any increase in ambulatory BP (28) . In the study by Andersen et al. (12) , diastolic dysfunction was closely related to increased UAE. In hypertensive patients with type 2 diabetes, an elevated UAE was associated with an increased LVM, a higher prevalence of a concentric LVH, depressed midwall systolic performance, and impaired diastolic function (29) . The insulin resistance that accompanies obesity in patients with type 2 diabetes is another factor that may contribute to an increase in LVM, because insulin is known to possess mitogenic properties (30) .
Conclusion
Increased UAE in patients with type 2 diabetes correlates not only with progression of nephropathy but also with increased cardiovascular mortality. Using the adjusted Cornell voltage technique, our results implicate an increase in LVM as a contributor to the association between UAE and increased all-cause and cardiac mortality in type 2 diabetes. Because angiotensinconverting enzyme inhibitors may decrease both UAE and LVM, this intervention may not only decrease progression of renal disease but also diminish cardiovascular mortality.
